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Abstract: Between February 2001 and January 2002, near the coast of Erdemli, southeastern Turkey, 7 airborne dust samples, 7 coastal
river-suspended sediment samples, and 3 marine sediment cores were collected. The main objective of this study was to understand
the interrelationships among the multisources, multitransportation paths, and changing depositional conditions around the continental
shelf of the Lamas River delta. In addition to a detailed study of satellite photos to track atmospheric dust in the region, grain size
analyses were conducted on airborne dust, riverine suspensions, and marine sediment (cores), and the results were interpreted using
statistical data, such as mean, mode, sorting, skewness, and kurtosis. The bimodal grain size distributions of the airborne dust indicated
higher rates of clayey silt accumulation between April and August when compared to the silt and sandy silt concentrations that occurred
between September and March. This was explained by the presence of 2 different type source regions of Africa, although the transport
mechanism was similar. Similarly, clayey silt was the dominant sedimentary material of the riverine suspensions and no major differences
in the data were obtained. Grain size distribution in the 3 marine core samples reflected the presence of a modern deltaic system, where
sandy silt and silty sand sediments of the inner shelf graded to clayey silt of the delta front on the midshelf, and further offshore, clayey
silt sediments occurred on the outer shelf to form prodeltaic deposits. Grain size changes within the cores were explained in terms the
varying source, transportation, and depositional conditions over time. As a result of this research, the contribution of atmosphere and
stream sediment inputs to the Cilician Basin budget was investigated. It was thought that the results obtained in this study will contribute
significantly to the different research (sedimentological, mineralogical, geochemical, etc.) to be conducted in the Eastern Mediterranean.
Key words: Grain size, airborne dust, river-suspended, marine sediments, Mediterranean Sea

1. Introduction
In general, sediment particles are transported by a variety of
mechanisms, such as wind, rivers, waves, glaciers, currents,
and gravity mass movements, or in a combination of them
(Hamann et al., 2008; Ehrmann et al., 2013; Cuadros et al.,
2015; Ergin et al., 2018). Moreover, the distance from the
source, types of source rocks, as well as the size, density, and
shape of the grains also play an important role in defining
the grain characteristics of the material transported and
deposited in the environment (Shaw, 1978; Ergin et al.,
2018). Nevertheless, speed, direction, height of the winds,
intensity of rolling, jumping, saltation, and suspension
effects may considerably determine the sedimentary
texture of the materials deposited (Folk and Ward, 1957;
Ashley, 1978; Bagnold and Barndorff-Nielsen, 1980) and
sources. Thus, grain size distributions in sediments, based
on various statistical parameters, have been widely used to
determine the environmental factors of the basins (Sun et
al., 2002). Coarse and fine grains (such as silt) in aeolian

dust are usually transported and deposited away from the
source to surface storage areas by the surface winds and
high level of air flow (Tsoar and Pye, 1987; Pye 1995).
The majority of the airborne dust stored in the drainage
areas transported to the sea by coastal rivers, and also
airborne dust stored directly in the marine environment,
form the total airborne dust found in the sea bottom
sediments. Such processes of fluvio-aeolian transportation
processes may also control the grain size distribution
and budget of the airborne dust in marine environments.
There have been some studies on the storage (transport
mechanisms and routes) and geochemical properties
of airborne dust in the Netherlands (Reiff et al., 1986),
North Atlantic (Prospero et al., 1987), Amazon Basin
(Swap et al., 1992) and Black Sea (Kubilay et al., 1995).
The Mediterranean basins are under the influence of dust
from the deserts of North Africa (Sahara) and the Arabian
Peninsula in the spring and summer (Martin et al., 1990;
Dayan et al., 1991; Ganor, 1994; Kubilay and Saydam,
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1995; Nickovic et al., 1997; Moulin et al., 1998; Krom
et al., 1999). General geochemistry and mineralogy of
airborne dust from the northeastern Mediterranean have
been studied in detail within the framework of different
purposes in some previous studies (Kubilay et al., 1994; AlMomani, 1995; Kubilay et al., 1995; Guerzoni et al., 1997;
Kubilay et al., 2000). As mentioned by McLaren (1981),
the average grain size, modes, sorting, skewness, and
kurtosis of the unconsolidated sediments are dependent
on the distribution of the sediment grain size of its source,
transportation, and sedimentary processes. Similar to
the work performed by Torres-Padrón et al. (2002) in a
different region, the grain size distribution of the airborne
dust collected in this study was considered not only as a
function of lateral transport distance, but also as a function
of vertical transport.
The main objective of this study was, therefore, to
analyze in detail the grain size distribution of the airborne
dust that probably originated from the Arabian and the
African deserts to the northeastern Mediterranean and
compare it with that of riverine and marine sediments from
sampling stations along the Erdemli coast of the Mersin
Gulf, southeastern Turkey. In addition, the depositional
rates and budgets of the sediments carried from 2 different
basic regional sources (atmospheric and coastal rivers)
were calculated. However, the significance of this study

was that the texture (grain size) characteristics have not
been investigated in detail previously.
2. Study area
The study area is located on the western coast of the Mersin
Bay, which is located at the northeastern corner of the
Mediterranean Sea (Figure 1). The Mersin Bay is flanked
on the northern/northwestern coastal hinterland by the
high Taurus Mountains, which are composed mostly of
Miocene limestones (Figure 1). However, a narrow stretch
of ophiolitic rocks extend from west to east further inland.
The study area is separated in the south from the continent
of Africa by the eastern Mediterranean Sea and the Arabian
Peninsula forms the southeastern boundary (Figures 1 and
2). In contrast to the high mountainous land topography
in the north, the low topographic desert lands of Sahara/
Africa are widely distributed in the south (Figures 1 and
2). Former studies on the synoptic meteorology of the
region, air mass climatology, and the Erdemli Atmospheric
Sampling Station have shown that the air flows from the
Sahara and Arabian deserts (Figures 1 and 2) reached the
region throughout the year, especially during the spring
and autumn (Kubilay et al., 2000).
Since the Mediterranean Sea is a semiclosed basin,
it is very sensitive to dust transportation and deposition
due to its proximity to the deserts of North Africa

Figure 1. Index map of the study area showing the coastal mountains, atmosphere sampling station (yellow star), coastal rivers,
coastal settlements, gulfs, total surface area of the gulfs (bounded by red dashed lines), and location of the gravity sediment cores.
Water depths are given in meters.
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(Sahara) and the Arabian Peninsula (Martin et al., 1990;
Dayan et al., 1991; Ganor, 1994; Kubilay and Saydam,
1995; Ehrmann et al., 2013; Cuadros et al., 2015). It was
reported that airborne dust was transported from the
Middle East in the spring and from North Africa in the
fall to the eastern Mediterranean (Dayan, 1986; Alpert
et al., 1990). In the summer, airborne dust transport and
deposits were found to be in the western Mediterranean
(Moulin et al., 1998). Dust originating from the nearby
deserts and the sediments carried by the coastal rivers are
the most important sources of sea bottom sediments in the
northeastern Mediterranean Sea.

The study area, Mersin Bay and thus the offshore waters
of Erdemli, receive most of the sedimentary material
deposited in the region from the northerly coastal rivers,
which are of ephemeral nature (Figure 1 and Table 1). In
addition, the easterly Tarsus and Seyhan Rivers may also
contribute some quantities of sedimentary materials to the
study area. It should be mentioned that sediment input
from the southerly Nile River, along with major offshore
currents (i.e. The POEM Group, 1992; Pinardi and Masetti,
2000; Hamann et al., 2008) transported towards the north
and west, have also been reported previously. It was
calculated that the total amount of sediment carried by the

Figure 2. Map of the desert areas (in gray) in Africa, Arabia, and Asia. Red dot shows the
location of the atmospheric sampling tower.

Table 1. Size of the drainage areas of the 5 different coastal rivers, average flow rates of the rivers, sediment
loads, and annual sedimentation (Salihoğlu et al., 1987; Aksu et al., 1992; Özalp, 2009).
Rivers

Drainage area
(km2)

Average flow rate
(m3/s)

Sediment load
(kg/s)

Annual sediment load
(tons/year)

Ceyhan

20466

303

173.2

5462 × 103

Seyhan

19352

274

164.4

5185 × 103

Tarsus

1426

42

4.1

129 × 103

Lamas

1500

6

0.31

9846

Göksu

10065

126

80.5

2539 × 103

Total

52809

751

422.51

13 325 × 103
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5 different continuous streams flowing to the northeastern
Mediterranean region was 13 325 × 103 tons/year (Figure
1 and Table 1).
3. Materials and methods
3.1. Sampling
3.1.1. Airborne dust sampling
Samples of airborne dust (dry and wet) were collected
from a 21-m-high atmospheric collection tower located
on the Turkish Mediterranean coast in Erdemli (34°15′18″
E, 36°33′25″ N) during 2001 (Figures 1 and 2). For the
purpose of this research, a special sampler was designed
for sampling of the total airborne dust during the annual
time cycle. Dry and wet sampling sets, each consisting of
16 Teflon sample collection containers (depth of 25 cm
and total surface area for each of 0.34212 m2, 0.32074
m2, or 0.25659 m2) were created to sample airborne dust
entering the region. Later, airborne dust collected in the
16 collection containers of each set were then combined,
dried, weighed, and collected in separate containers, and
then used in the analysis. These samplers were then placed
on top of the atmosphere sampling tower (Figures 1 and
2). Using these samplers, the airborne dust of the 1-year
time period was sampled precisely. These samplers were
capable of sampling vertically free-falling airborne dust
(gravitationally settled), dust carried by winds, and dust in
rain water (Levin and Ganor, 1996).
Samples were collected in 2001 to represent 7 different
time periods (1st of February 2001 to 30th of January 2002,
representing a 1-year time cycle; Table 2). During the
sampling periods, the amount of airborne dust collected
in the containers was checked from time to time and when
it was observed that the amount of collected airborne
dust reached a sufficient amount (>50 mg) for grain size
analysis, that sampling was terminated and then sampling
continued with a new sampling set. Thus, the 2001

sampling studies were completed with 7 different airborne
dust samples representing different time intervals. In
addition to the samples representing the 1-year period,
wet and dry samples were also collected on 16 March 1998,
22 April 2001, 12 May 2001, 13 May 2001, and 14 May
2001, where high amounts of airborne dust reached the
working area (Table 2). The sampling time intervals, total
sampling days, total sample weights, and calculated daily
sedimentation rates of the airborne dust are given in Table
2. Approximate daily storage rates were calculated using
the time intervals and months corresponding to the dust
in the airborne dust sampled (Table 2).
3.1.2. Sampling of river-suspended loads
During a rainy period when the suspended loads of the
coastal rivers increased (Göksu, Lamas, Erdemli, Kagıcak,
Mezitli, Müftü, and Deliçay; Figure 1), river waters were
sampled using 15 L Teflon containers from place where the
rivers met the sea and 1 m below the surface. River water
samples in Teflon containers were dried under a fume
hood at 60 °C, placed into sampling containers, weighed,
and stored for grain size analyses and budget calculation.
3.1.3. Marine sediment (core) sampling
Cores measuring 1 m long were collected using a gravity
corer on board the R/V Lamas at sea water depths of 25
m (Core 1; 34.29° N, 36.57° E), 100 m (Core 2; 34.33° N,
36.53° E), and 200 m (Core 3; 34.40° N, 36.46° E) along a
line that was perpendicular to the coast (Figure 1). After
the cores were obtained, they were moved to the laboratory
and then subsamples were taken from the cores for grain
size analysis. A total of 10 subsamples, each 1 cm thick,
were taken from each core for grain size analyses. Of the
subsamples, 5 were taken from the top 5 cm of the cores
(0–1 cm, 1–2 cm, 2–3 cm, 3–4 cm, and 4–5 cm) and the
other 5 subsamples were taken at 10-cm-deep increments
(10–11 cm, 20–21 cm, 30–31 cm, 40–41 cm, and 50–51
cm).

Table 2. Sampling time intervals, sampling days, total sampling weight, and daily sedimentation rates of the airborne dust samples.
Sampling time intervals

Total sampling
days

Sampler surface Sample weight
area (m2)
in the sampler (g)

Calculated total
sample weight (g/m2)

Daily sedimentation
(g/m2)

1 Feb. 2001–1 Apr. 2001

59

0.321

0.484

1.508

0.026

1 Apr. 2001–5 May 2001

34

0.342

1.164

3.401

0.1

5 May 2001–1 June 2001

27

0.342

1.739

5.082

0.188

1 June 2001–10 Sept. 2001

101

0.256

1.973

7.688

0.076

10 Sep. 2001–16 Oct. 2001

36

0.342

0.016

0.046

0.001

16 Oct. 2001–16 Nov. 2001

31

0.342

0.253

0.738

0.024

16 Nov. 2001–30 Jan. 2002

75

0.256

0.456

1.777

Total annual sedimentation rates (1 Feb. 2001–30 Jan. 2002)

1036

0.024

20.25 g/m
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3.2. Grain size analysis
Former studies of the eastern Mediterranean have reported
that the grain size of the airborne dust ranged from 0.2 to
40 µm (Dulac et al., 1992) and occasionally, the smallest
grain length reached 0.15 µm (Levin and Lindberg,
1979). Therefore, in this study, a Malvern Pananalytical
Mastersizer 2000 laser particle sizer (Malvern, UK) was
used to accurately measure the grain size of all of the
sampled materials1. Sample material was passed through
a laser beam resulting in the laser light being scattered at
a wide range of angles. Detectors were used to measure
the intensity of the light scattered at those positions. A
mathematical model (Mie Theory) was applied to generate
the particle size distribution. The final result was reported
on an equivalent spherical diameter volume basis. This
system was sensitive enough to measure grain sizes
between 0.05 and 900 µm, and provided measurements
as a percentage of the volume occupied by certain grain
sizes within the total sample volume. For the grain size
distribution measurements of the airborne dust, riversuspended sediments, and subsamples of the marine
sediment cores obtained in the study, the samples were
suspended in distilled water and a few drops of ammonia
were added. The purpose of adding the ammonia was to
remove the flocculation effect in the sediments while the
grain size measurements were being performed (Folk,
1974). Statistical parameters of the grain size distribution
in Phi (f) scale were calculated using the formula [φ =
–log2 (φmm)], as given by Folk and Ward (1957), and the
results were presented.
3.3. Statistical analyses
Statistical analyses were performed on the results obtained
from grain size analyses (Folk, 1974). The statistical
values of the graphical parameters of the grain size
distributions (mean, sorting, skewness, and kurtosis)
contributed to the distinction between the different
sedimentation environments and the understanding of the
sediment transport processes. These calculated statistical
parameters may provide insight into various aspects of the
environmental, depositional, and transport conditions that
the sediment grains endured, linking them to particular
sedimentary systems.
Standard deviation is a precise measure of the scatter of
grain size values from the mean, corresponding then to a
measure of spread or sorting of the sample. In combination
with the mean, the standard deviation is the most useful
and widely applied value in granulometric statistics (Folk,
1974).
Skewness is used to establish the normality or
symmetry of the distribution and hence to quantify the
degree of dispersion within a sample, rather than only
visualizing it on a frequency histogram. The closer the
1

skewness value is to zero, the more symmetrical (i.e.
normal or unimodal) the distributions. Asymmetrical
and multimodal sediment mixtures exhibit high values of
skewness. The positive and negative sign of the skewness
value indicates whether the asymmetrical tail extends
to the left or right of the curve, as follows (Folk, 1974).
Distribution curves highly skewed to low grain size values
show a negative value and are diagnostic of environments
with higher concentrations of silts and clays. The opposite
are environments with higher concentrations of coarser
materials, which show curves skewed to higher grain sizes
and hence positive values. Kurtosis is also a quantitative
measure to describe the degree of Gaussian normality of
the grain size distribution, but in terms of how acute or
flat the curve is. This is a sorting relation between the end
members of the curve and its center (Folk, 1974). Both
kurtosis and skewness values are ratios of dispersion; thus,
they are dimensionless and do not have units.
4. Results
4.1. Grain size distribution of the airborne dust
A sample set representing a 1-year period was used to
calculate the budget of airborne dust sampled at the
Erdemli atmosphere station in 2001. However, grain size
analysis was applied only to the samples of 4 different
time periods and 5 different days, on which a sufficient
amount of sample was collected for the grain size analyses
(Table 2). Micrometer (µm) scale grain size frequency
distribution curves of the airborne dust samples are given
in Figure 3a. The calculated statistical parameters of the
grain size distributions of the airborne dust samples are
given in Table 3.
When the grain size frequency distribution curves of
each airborne dust sample drawn in the same graph and are
examined, it is clearly seen that the frequency curves form
2 different groups (Figure 3a). Considering the sampling
date periods of the airborne dust, it was concluded that
the grain size distributions of the first group of samples
were more clayey and represented transportation and
deposition during the spring time (mainly between March
and May). The more silty samples were deposited largely
during the summer time (between May and September)
(Figure 3b). Figure 3b also displays the total sand (S), silt
(Z), and clay (C) percentages of all of the airborne dust
samples on a triangular graph, where the airborne dust
samples were classified according to the method of Folk
and Ward (1957). Accordingly, the first group airborne
dust samples can be considered as clayey silt, whereas
second group samples may change from clayey-silt to silt
(Figure 3b).
It seemed that the mean grain size of the airborne
dust ranged from 6 to 8 φ and all of the dust samples were

For detailed technical information, visit https://www.malvernpanalytical.com/
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Figure 3. (a) Grain size frequency distribution of airborne dusts in mm scale. Green curves represent the spring samples (named as the
1st group) and purple curves represent the summer samples (named as the 2nd group). (b) Classification of the airborne dust samples
in triangular graphs using the total sand, silt, and clay percentages.
Table 3. Statistical parameters of the grain size distribution of the airborne dust samples.
Sampling time

Mode 1
(φ)

Mode 2
(φ)

Mean
(φ)

Sorting
Skewness
(standard deviation) (φ)

Kurtosis
(φ)

1 April–5 May 2001

7.237

2.610

7.355

–1.538

VWS

0.009

S

0.961

MK

5 May–1 June 2001

5.254

2.389

6.143

–2.014

VWS

–0.053

S

1.001

MK

1 June–10 Sept. 2001

6.135

1.949

6.272

–1.923

VWS

0.008

S

1.143

LK

10 Sept.–16 Oct. 2001

5.915

2.169

6.274

–1.772

VWS

–0.051

S

1.093

MK

16 March 1998 (wet)

5.474

6.639

–1.621

VWS

–0.234

CS

0.968

MK

16 March 1998 (dry)

5.694

6.502

–1.624

VWS

–0.187

CS

1.015

MK

22 April 2001

7.898

1.728

7.610

–1.725

VWS

0.169

FS

1.144

LK

12 May 2001

6.796

2.169

7.045

–1.764

VWS

–0.041

S

0.901

MK

13 May 2001

7.237

7.532

–1.493

VWS

–0.045

S

0.959

MK

14 May 2001

7.677

7.669

–1.461

VWS

–0.001

S

0.948

MK

VWS: very well sorted, S: skewed, CS: course skewed, FS: fine skewed, MK: mesokurtic, LK: leptokurtic.

very well sorted (VWS) and it was also apparent that all of
the airborne dust samples had widespread symmetric (S)
and mesokurtic (MK) distribution (Table 3). In general,
the airborne dust samples showed bimodal distribution
(Figure 3a and Table 3). When the average grain size
frequency distribution curves and statistical values of
the airborne dust samples were examined, the grain size
distribution showed the existence of 2 different groups
(Figure 3a).
The mean values of the grain size distribution data
(Figure 3a), which constitute the frequency curves of
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each group, were calculated and the grain size frequency
distribution curves of each group were prepared (Figure
4a). It was concluded that this grouping could have been
caused by airborne dust originating from 2 different
atmospheric conditions and/or 2 different sources.
The grain size frequency distribution curves of the
airborne dust samples collected under wet and dry weather
conditions on 16 March 1998, which traveled along the
line given in the satellite images, are also given in Figure
4b. When the graphics given in Figure 4b were examined,
it was concluded that the grain size frequency distributions
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Figure 4. (a) Average grain size frequency distribution and statistical data for each group. (b) Grain size frequency distribution of the
airborne dust collected on 16 March 1998, under wet and dry weather conditions.

of the deposits that accumulated under both wet and dry
conditions on the same day had similar characteristics.
The grain size frequency distributions of the airborne
dust samples of 3 consecutive days (12, 13, and 14 May 2001)
were superimposed on the graph in Figure 5. Examination
of the values in Table 3 suggested that the first modes of
the airborne dust deposited on 12, 13, and 14 May 2001
were 6.8 φ, 7.2 φ , and 7.7 φ, and the mean grain sizes were
7.0 φ, 7.5 φ, and 7.7 φ, respectively. From the data, it can be
inferred that the grain size of the airborne dust decreased
over time depending on the settling velocities (Figure 5).
Given the fact that coarse grains will be settled faster than
fine grains, the reason why the average grain size of the
airborne dust on these 3 consecutive days decreased over
time was easily understood. The reason why the amount
of coarse silt and fine sand deposited on 12 May 2001 was
higher than the airborne dust deposited on 13 and 14 May
2001 (Figure 5) can easily be understood by considering
Stokes’ law.
Daily deposition rates of the airborne dust for each
month were calculated and presented as a bar graph (Table
2 and Figure 6). When Figure 6 was examined, it was
observed that the daily sedimentation rates generally had
high values between April and August. However, it was
concluded that the highest daily storage rate was in May.
4.2. Grain size distribution of the river-suspended loads
The suspended load samples obtained from the 7 main
rivers (Figure 1) flowing into the basin were included in

the project with other data in the archive, and their grain
size distributions are presented in Figure 7.
The grain size frequency distributions of the suspended
loads of these samples (Figure 7a), when transferred to
a triangular graph, with the exception of the more silty
Göksu River suspensions, can be classified according to the
method of Folk and Ward (1957) as clayey silt (Figure 7b).
Statistical analysis on grain size distribution displayed
a single mode that ranged between 6 and 8 φ. The mean
grain size distribution of all of the samples was around 8 φ
(Table 4). River-suspended sediments, which fell within a
narrow size range, were calculated as VWS and they mostly
fell within the S and MK classes (Folk, 1974 classification;
Table 4).
4.3. Grain size distribution of marine sediments
The grain size analyses were performed on ten 1-cm-thick
subsamples taken along the sediment cores. Frequency
distribution curves of the grain size data obtained along
the core subsamples were plotted and are given in Figures
8a–8c.
With the exception of core 3, the 2 other cores, 1 and
2, displayed bimodal frequency distribution curves (Figure
8a–8c). It was found that in core 1, the first mode was
within the range of 3–4 φ and the presence of the 2nd mode
was observed below the 20 cm depth of core 1, with values
around 6.6 φ (Table 5). In core 2, the first mode existed
at about 7 φ, while mode 2 occurred at nearly 2 φ above
the 5-cm core depths. Despite this, only the 1st mode had
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Figure 5. Grain size frequency distributions of the airborne dust samples collected on 3 consecutive
days (12, 13, and 14 May 2001). Satellite images showing the possible sources and transport pathways
of the airborne dust deposited on these days. Red dot represents the location of the sampling station.

Figure 6. Bar graph showing the daily deposition rate of the airborne dust corresponding
to each month.

values around 7 φ, and no 2nd mode was observed along
core 3 (Table 5).
The results of the statistical analysis on the cumulative
distributions (in φ scale) are also presented in Table 6. As
shown, the mean grain size of all of the subsamples along
core 1 was between 4 and 5 φ. The mean grain size of all of
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the subsamples along core 2 ranged between 5 and 7.6 φ,
and the values from core 3 were around 7 φ. Accordingly,
the sediments of core 1 and core 2 displayed VWS,
leptokurtic (LK), and MK distribution of the grains (Table
6). The grains of the sediments along core 3 were VWS, S,
and MK (Table 6).

EDİGER / Turkish J Earth Sci

Figure 7. (a) Grain size frequency distribution (mm scale) of the suspended loads carried by coastal rivers flowing into Mersin Bay. (b)
Classification of the suspended loads of the coastal rivers in a triangular graph using the total sand, silt, and clay percentages.
Table 4. Statistical results of the grain size distributions of the suspended river load samples.
River

Mode
(φ)

Mean (φ)

Sorting
(standard deviation)

Skewness

Göksu

6.796

7.237

–1.747

VWS

–0.062

S

0.900

MK

Lamas

7.016

7.600

–1.604

VWS

–0.118

CS

0.993

MK

Erdemli

7.677

7.632

–1.659

VWS

0.047

S

1.003

MK

Kargıcak

7.237

7.492

–1.578

VWS

0.001

S

0.958

MK

Mezitli

7.898

7.903

–1.483

VWS

0.024

S

0.986

MK

Muftu

7.677

7.767

–1.389

VWS

0.010

S

0.981

MK

Delicay

7.898

8.001

–1.409

VWS

–0.027

S

0.991

MK

Kurtosis

VWS: very well sorted, S: symmetrical, CS: coarse symmetrical, and MK: mesokurtic.

Total sand, silt, and clay percentages of the sediment
samples obtained from cores 1, 2, and 3 were transferred to
triangular graphs and classified according to the method
of Folk and Ward (1957) (Figures 8d–8f). The inner shelf
sediments of core 1 were both of silty sand (zS) and sandy
silt (sZ) (Figure 8d), whereas the midshelf sediments of
core 2 were clayey-silt (cZ), with the exception of 1 sample
(sand-silt-clay; SZC) (Figure 8e). The outer shelf sediments
of core 3 were predominantly clayey silt (cZ) (Figure 8f).
5. Discussion and conclusions
5.1. Grain size distribution in airborne dusts
The frequency distribution curves of the airborne dust

samples given in Figure 3 indicated the presence of at
least 2 different groups. The airborne dust samples from
the spring (between 5 May and 1 June 2001) represented
the 1st group of clayey deposits and the airborne dust
samples corresponding to the summer (between 1 June
and 10 September 2001) represented the 2nd group of silty
deposits (Figure 3). In addition, the statistical parameters of
each group of airborne dust samples are given in Figure 4.
The airborne dust samples from the summer that
had 2 modes (5.7 and 2.2 φ) were found to be coarsergrained than the spring airborne dust samples that
had a single mode (7.4 f) (Figure 4a). The coarse grains
observed in small quantities in the total sediment should
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Figure 8. (a–c) Grain size frequency distribution (mm scale) of the subsamples obtained along the 3 different sediment cores taken from
Mersin Bay (see for location; Figure 1). (d–f) Classification of the subsamples in triangular graphs on the basis of the total sand, silt, and
clay percentages.
Table 5. Calculated grain size modes along the cores studied.
Core intervals
(cm)

Core 1

0–1
1–2

Mode 1 Phi (φ)

Core 2
Mode 2 Phi (φ)

Mode 1 Phi (φ)

Mode 2 Phi (φ)

Mode 1 Phi (φ)

3.491

7.237

1.288

7.457

3.271

7.457

1.067

7.457

2–3

3.05

7.457

1.508

7.457

3–4

3.05

7.457

2.169

7.237

4–5

3.05

7.237

2.830

7.457

10–11

3.711

7.237

7.237

20–21

3.711

6.576

7.237

7.237

30–31

3.711

6.576

7.237

7.457

40–41

3.711

6.576

7.237

7.457

50–51

3.711

6.576

7.237

7.457

generally have probably originated from regional sources.
As a possible cause of these seasonal variations in the
grain sizes may have been due to changing provenance
and atmospheric conditions in the spring and summer
(Figure 3). Moreover, on the basis of the satellite photos,
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Core 3

it was suggested that fine-grained (mode 1) airborne dust
must have accumulated in the spring and may have been
transported from a distant source (Sahara) and was stored
under low-energy atmospheric conditions (SW or SSW).
The average frequency curve of the airborne dust from the
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Table 6. Statistical results of the grain size distribution of core subsamples.

Core 3 (outer shelf)

Core 2 (midshelf)

Core 1 (inner shelf)

Subsamples (cm)

0–1

1–2

2–3

3–4

4–5

10–11

20–21

30–31

40–41

50–51

Mean Phi (φ)

4.193

4.119

4.104

4.16

4.315

5.177

5.271

5.087

5.018

4.995

Standard deviation
(sorting)

–1.974

–1.933

–1.944

–2.05

–2.062

–2.081

–2.079

–2.009

–1.958

–1.942

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

Skewness
(symmetricity)

–0.323

–0.369

–0.375

–0.372

–0.379

–0.417

–0.433

–0.512

–0.519

–0.527

VCS

VCS

VCS

VCS

VCS

VCS

VCS

VCS

VCS

VCS

1.258

1.217

1.181

1.149

1.11

0.903

0.871

0.979

1.013

1.025

LK

LK

LK

LK

LK

MK

PK

MK

MK

MK

Mean Phi (φ)

5.654

6.101

6.852

7.58

7.394

7.531

7.582

7.585

7.541

7.448

Standard deviation
(sorting)

–3.011

–2.91

–2.317

–1.511

–1.441

–1.613

–1.592

–1.607

–1.6

–1.582

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

Skewness
(symmetricity)

0.379

0.407

0.304

0.024

–0.03

–0.017

–0.023

–0.035

–0.038

–0.04

VFS

VFS

VFS

S

S

S

S

S

S

S

0.744

1.135

1.325

1.035

1.01

0.958

0.966

0.962

0.956

0.958

PK

LK

LK

MK

MK

MK

MK

MK

MK

MK

Mean Phi (φ)

7.497

7.476

7.553

7.503

7.514

7.451

7.455

7.381

7.443

7.5

Standard deviation
(sorting)

–1.595

–1.598

–1.596

–1.603

–1.634

–1.621

–1.607

–1.672

–1.697

–1.626

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

VWS

Skewness
(symmetricity)

0.006

0.008

–0.01

–0.012

–0.012

–0.019

–0.008

0.027

–0.001

0.005

S

S

S

S

S

S

S

S

S

S

0.986

0.991

0.991

0.987

0.99

0.986

0.988

0.973

0.946

0.971

MK

MK

MK

MK

MK

MK

MK

MK

MK

MK

Kurtosis

Kurtosis

Kurtosis

VWS: very well sorted, VCS: very coarse symmetrical, LS: leptokurtic, and MK: mesokurtic.

2nd group showed that the curve had 2 modes. Likewise, as
reported from Offshore Cape Blanc (Karakaş et al., 2006),
the coarser-grained airborne dust materials caused a 2nd
mode (2.2 φ, Figure 4a) frequency curve, as an indication
of different regional sources. Thus, the summer samples
were characterized by a weaker sorting than the spring
airborne dust samples (Figure 4a).
In addition, similar results of the grain size frequency
distributions of airborne dust were also found under both
wet and dry conditions on 16 March 1998 (Figure 4b). This
would also lead to the assumption that the airborne dust
must have been carried with no dependence on storage
under wet or dry weather conditions. A back trajectory
figure is given at the top of Figure 4b, suggesting that
the airborne dust reaching the region on 16 March 1998
originated from the Sahara Desert (North Africa).
When the satellite image of 12 May 2001 was
examined, it was seen that coarse-grained airborne
dust originating from the Sahara Desert reached the

sampling station from the SW. On the other hand, finegrained airborne dust originating from Arabia reached
the sampling station from the S on 13 and 14 May 2001.
Obviously, at proximal locations (where airborne dust was
deposited relatively close to its source), the particles were
coarser-grained and mass accumulation rates were larger
than at more distal locations (where airborne dust was
deposited relatively far from its source). This observation
was first prominently described by Sarnthein et al. (1981)
from NW Africa. As a result, it can also be concluded that
the textural characteristics (VWS, S, and MK) from these
successive days showed some similarities. The role of
airborne dust of African-Arabian origin in contributing
fine-grained sediment to the eastern Mediterranean and
thus to the studied Mersin Bay area was also reported by
Chester et al. (1977), Ganor and Mamane (1982), and
Hamann et al. (2008).
5.2. Grain size distribution in the river-suspended loads
The grain size distribution of the river-suspended
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sediments transported to the Mersin Bay by coastal
rivers showed a single mode distribution between 6.8
and 7.9 φ. In addition, the grain size distributions of all
river-suspended sediments displayed VWS, S, and MK
materials (Figure 7, Table 4). It was clear that the grain size
distributions of the airborne dust in the spring months
(Figure 4) had similar sorting, skewness, and kurtosis
values to those of the river-suspended loads, considering
that the airborne dust stored in the river-drainage areas
would have been, or may have been in part, transported
to Mersin Bay by the rivers during the rainy spring season.
Based on former studies from or close to the study area
(Shaw, 1978; Mange-Rajetzky, 1983; Ergin et al., 1992;
Ediger et al., 1997; Okyar et al., 2005; Ehrmann et al.,
2007), it can be concluded that most of the sedimentary
material deposited on the sea floor off of the Lamas River
mouth must have originated from weathering of the rocks
of the coastal hinterland and been transported to the sea
by coastal rivers (Göksu, Tarsus, and Seyhan rivers from
western and eastern sectors of Mersin Bay). It is also likely,
even of lesser importance or at least in part, that the Nile
River (Shaw, 1978; Ehrmann et al., 2007; Hamann et al.,
2008) from the southeastern Mediterranean area together
with the prevailing current system (The POEM Group,
1992; Pinardi and Masetti, 2000) could have contributed
fine sediment to the studied area.
5.3. Grain size distribution in the sediment cores
When the grain size frequency curves of the marine
sediments obtained from the 3 different water depths of
the Mersin Bay shelf were examined (Figure 8), it seemed
that the sediments displayed decreasing grain sizes with
increasing distance from the Lamas River mouth, where a
shallow to deep deltaic depositional system likely occurred.
The sediments of core 1, taken from a water depth of
25 m (representing the inner shelf), had a bimodal,
heterogeneous, and slightly coarser-grained texture (silty
sand to sandy silt), where the proximity to the sediment
input was of greater importance. On the other hand, the
sediments of core 2, taken from a water depth of 100 m
(representing the midshelf), were marked by a bimodal
and partly homogeneous grain size (sand-silt-clay to clayey
silt). The sediments of core 3, obtained from a water depth
of 200 m (representing the outer shelf), had a single mode
and completely homogeneous grain size (clayey silt). Such
grain size grades from sand and silt near the shore to silty
clay further out offshore could have been indicative of the
formation of a modern delta (Lewis, 1984; Ergin et al., 1998;
Palinkas and Nittrouer, 2007), which now appeared to be
present off the Lamas River mouth. The high percentage of
sandy grains along in core 1 must have been the result of the
coastal wash effects (Elfrink and Baldock, 2002) by strong
waves and currents alone, or in combination with materials
from the strong floods after heavy rainfalls. The presence
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of fine-grained sands within the upper 5 cm section of the
core 2 was more likely due to the combination of processes
derived from the marine and land-based sources (i.e.
currents, river input, and bottom mass movements). The
grain size of the sea bottom sediments from the inner shelf
to the midshelf and from there to the outer shelf decreased
inversely with the water depth along the direction of the
red arrow shown in Figure 9.
5.4. Sedimentation rate of the airborne dust
As shown in Table 2, it was evident that the desertbased airborne dust reaching the Erdemli Atmospheric
Sampling Station reached its highest daily storage rate in
May (spring) (Figure 6). In the case of the atmospheric
synoptic inversion work in 2001, it was thought that the
interpretations made on the subject may become definite.
The daily deposition amount of the airborne dust varied
between its highest value in May (0.19 g/m2 per day) and
its 2nd highest value in April (0.1 g/m2 per day).
Between 1 February 2001 and 30 January 2002, the
total annual amount of airborne dust deposited in the
region was calculated as 20.25 g/m2/year. The total surface
area of Mersin Bay and İskenderun Gulf was calculated as
13,628 km2 (Figure 1). Thus, in a 1-year storage period,
it was estimated that approximately 275,967 tons/year
of dust were deposited directly from the atmosphere to
the limited marine area (Table 2, Figures 1 and 9). It was
concluded that the total amount of sediment carried by the
5 different continuous rivers flowing to the northeastern

Figure 9. Classification of all of the subsamples collected along
the cores (1, 2, and 3) in a triangular graph using the total sand,
silt, and clay percentages. The direction of the red arrow drawn
on the triangle grain size classification graphic clearly shows that
the grain size of the bottom sediments decreased despite the
increase in water depth.
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Mediterranean Region was 13,325,000 tons/year (Table
1). Thus, it was calculated that the amount of annual
deposition of both river-suspended sediments (13,325,000
tons/year) and airborne dust (275,967 tons/year) in the
limited area (Figure 1) was 13,600,967 tons/year.
It is a fact that the total amount of sediment (Figure 1)
carried by the coastal rivers to the Mersin and İskenderun
basins also includes airborne dust accumulated in the
drainage areas of the coastal rivers (calculated value of
1,069,382 tons/year). For this reason, it should be taken
into account that the amount of airborne dust annually
deposited in the marine environment limited area in
Figure 1 should be higher than the calculated value.
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